Summary Increased leukocyte counts, particularly white blood cell and neutrophil counts, are reportedly associated with increased incidence of cardiovascular diseases (CVD) and mortality in subjects with acute and moderate coronary diseases. However, few reports have determined the associations between leukocyte subset (i.e., white blood cells, neutrophils, monocytes, lymphocytes, basophils and eosinophils) counts and CVD risk factors. In this study, we examined the associations between leukocyte subset counts and CVD risk factors in apparently healthy Japanese men. We conducted a cross-sectional study of men who participated in health checkups, and selected those who were not being treated for metabolic diseases. We determined associations between leukocyte subset counts and CVD risk factors by multivariate linear regression (MLR) analysis and analysis of covariance (ANCOVA). Overall, 3,576 subjects aged 49.3 Ϯ 5.75 (range, 40-59) y were recruited. MLR and ANCOVA showed that white blood cell, neutrophil, monocyte counts are associated with decreased high-density lipoprotein cholesterol (HDL-C) and increased C-reactive protein levels, the lymphocyte count is positively associated with lipid abnormalities (i.e., decreased HDL-C, increased low-density lipoprotein cholesterol and increased triacylglycerol (TG)), and the basophil count is associated with increased TG and liver injury marker levels (i.e., alanine aminotransferase). Our results in this study demonstrated that leukocyte subset counts showed differential associations with CVD risk factors in apparently healthy Japanese men.
Metabolic abnormalities can induce cardiovascular diseases (CVD), angina pectoris and heart failure. Many studies have demonstrated that hypertension, lipid abnormalities and hyperglycemia are associated with an increased incidence of CVD, and that higher values of these parameters are strong risk factors for these diseases ( 1 ) .
Several studies have demonstrated that higher white blood cell and neutrophil counts are associated with increased CVD incidence and mortality in Asian and Western patients with chronic and acute heart failure (2) (3) (4) (5) (6) . White blood cell and neutrophil counts are also positively associated with CVD risk factors in healthy Asian and Western people (7) (8) (9) . One of the causes of chronic and acute heart failure is thought to involve the induction of vascular injury through an increased neutrophil count because neutrophil activation induces their attachment to vascular cells, the production of reactive oxygen species and the release of destructive proteases from the neutrophils ( 10 ) . Previous studies have shown that the monocyte count is also positively associated with the development of CVD in Western and Asian people ( 11 , 12 ) , although other studies have demonstrated that the neutrophil count, rather than the monocyte count, is positively associated with the development of CVD ( 3 , 8 , 13 , 14 ) . Nevertheless, the monocyte count, but not the white blood cell or neutrophil counts, is positively associated with plaque formation in atherosclerosis (15) (16) (17) . These results for the monocyte count in epidemiological studies are consistent with those of animal studies showing that monocytes differentiate into macrophages and form plaques in vascular cells to induce atherosclerosis ( 18 ) . In addition, a recent study demonstrated that apparently healthy Japanese individuals with higher lymphocyte counts had low levels of high-density lipoprotein cholesterol (HDL-C) and high levels of low-density lipoprotein cholesterol (LDL-C) ( 19 ) . These results indicate that leukocyte subsets contribute differentially to the devel-opment of CVD and assessing the counts of each leukocyte subset may better predict the risk of CVD. However, few studies have determined whether each leukocyte subset is independently associated with CVD risk factors. Such studies are necessary in untreated subjects because the treatments for metabolic diseases may influence or mask the associations between leukocyte subset counts and CVD risk factors.
Therefore, in the present study, we investigated the associations between leukocyte subset counts and CVD risk factors in middle-aged appararently healthy Japanese men.
MATERIALS AND METHODS
Subjects. We conducted a cross-sectional study of 5,004 men aged 40-59 y who participated in health checkups at Shizuoka Medical Center (Shizuoka Prefecture, Japan) between July 2005 and March 2007. Of these, 1,055 subjects were excluded because they were under treatment for stroke, hypertension, cardiac disease, diabetes, hyperlipidemia, liver diseases, kidney diseases, gout, psychiatric diseases, cancer, or ulcer before the checkups. We also excluded 20 subjects who were missing data relating to anthropometric parameters and questionnaires. Therefore, we included 3,576 subjects in this analysis. Anthropometric data were recorded and blood samples collected from each participant by trained medical staff. The participants were asked about their smoking status and physical activity. The number of cigarettes consumed per day and duration of smoking were used to determine smoking status using the Brinkman index ("number of cigarettes per day" ϫ "duration of smoking"). Physical activity was recorded as the number of sessions of exercise per week. Alcohol and energy intake during the preceding month were assessed by the Brief Self-administered Diet History Questionnaire ( 20 ) . All subjects gave informed consent for the use of their personal information for this study. The study protocol was approved by the Ethics Committee of the University of Shizuoka (Shizuoka, Japan) based on the Declaration of Helsinki.
Measurements. After an overnight fast, height, weight and blood pressure were measured, and blood samples were collected from each subject. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Total cholesterol (TC), HDL-C, LDL-C, triacylglycerol (TG), fasting serum glucose, hemoglobin A1c (HbA1c), aspartate aminotransferase (AST), alanine aminotransferase (ALT), ␥ -glutamyltranspeptidase ( ␥ -GTP), creatine, leukocyte subset counts, and high-sensitive C-reactive protein (CRP) (latex agglutination method) were assessed. Plasma HbA1c was determined by the Japan Diabetes Society (JDS) method and values were converted to units of National Glycohemoglobin Standardization Program as "JDS value plus 0.4%."
Statistical analysis. Clinical and biochemical data are presented as means Ϯ standard deviation (SD), percent, or natural logarithm (ln)-transformed means (range of natural number). Spearman's rank correlation coefficient was used to calculate correlations for all subjects. Multiple linear regression (MLR) analyses were performed to identify variables that were independent associated with the leukocyte subset counts. Tukey's multiple range tests based on one-way analysis of covariance (ANCOVA) for diastolic blood pressure (DBP), ln[HDL-C], ln[LDL-C], ln [TG] , HbA1c, ln [ALT] and ln [CRP] were performed among tertiles (T1, T2 and T3) of each leukocyte subset adjusted for age, BMI, smoking, physical activity, alcohol intake and energy intake. All statistical analyses were performed using JMP version 9.0 (SAS Institute Japan Co., Ltd., Tokyo, Japan).
RESULTS
The study subjects were 3,576 apparently healthy Japanese men, with a mean age of 49. (Table 1) . Overall, 123, 1,122, 244 and 360 subjects had fasting glucose Ͼ 125 mg/dL, TG Ͼ 149 mg/dL, SBP Ͼ 139 mmHg and DBP Ͼ 89 mmHg, respectively. Spearman's rank correlation coefficient showed that the white blood cell count was positively ( R Ն 0.1, p Ͻ 0.001) associated with BMI, LDL-C, TG, HbA1c, ␥ -GTP, ALT, neutrophil count, monocyte count, lymphocyte count, basophil count, eosinophil count, CRP and smoking, and inversely associated with HDL-C and physical activity. The neutrophil count was positively associated with BMI, TG, HbA1c, white blood cell count, monocyte count, lymphocyte count, basophil count, eosinophil count, CRP and smoking, and inversely associated with HDL-C and physical activity. The monocyte count was positively associated with BMI, TG, HbA1c, ␥ -GTP, ALT, white blood cell count, neutrophil count, lymphocyte count, basophil count, eosinophil count, CRP and smoking, and inversely associated with HDL-C. The lymphocyte count was positively associated with BMI, TC, LDL-C, TG, HbA1c, ␥ -GTP, ALT, white blood cell count, neutrophil count, monocyte count, basophil count, eosinophil count, CRP and smoking, and inversely associated with HDL-C. The basophil count was positively associated with BMI, TC, LDL-C, TG, ␥ -GTP, ALT, white blood cell count, neutrophil count, monocyte count, lymphocyte count, eosinophil count, CRP and smoking, and inversely associated with HDL-C. The eosinophil count was positively associated with white blood cell count, neutrophil count, monocyte count, lymphocyte count, basophil count, eosinophil count and smoking, and inversely associated with HDL-C ( Table 2) .
MLR analyses for leukocyte subset counts with objec- ) for the white blood cell, neutrophil, monocyte, lymphocyte and basophil counts were 0.258, 0.209, 0.185, 0.164 and 0.117, respectively. Because the R 2 for the eosinophil count was very low (0.026), we did not conduct MLR analysis for the eosinophil count. In MLR analyses, the white blood cell count was positively ( p Ͻ 0.001) associated with TG, HbA1c, CRP and smoking, and inversely and independently associated with age, HDL-C, physical activity and alcohol intake. The neutrophil count was positively associated with CRP and smoking, and inversely associated with age, HDL-C, physical activity and alcohol intake. The monocyte count was positively associated with ALT, CRP and smoking, and inversely associated with age and HDL-C. The lymphocyte count was positively associated with TG, HbA1c, ALT and smoking, and inversely and independently associated with HDL-C. The basophil count was positively and independently associated with TG, HbA1c, ALT, CRP and smoking and inversely associated with age and HDL-C (Table 3) .
We performed ANCOVA for tertiles of leukocyte subset counts adjusted for age, BMI, smoking, physical activity, alcohol intake and energy intake and the posthoc analyses by Tukey's test ( p Ͻ 0.05) were performed. HDL-C decreased according to increasing tertile of leukocyte counts, including white blood cell, neutrophil, monocyte and lymphocyte counts. LDL-C increased Table 3 . MLR analysis of parameters associated with leukocyte counts. Table 4 . ANCOVA analysis for parameters in tertiles of leukocyte counts adjusted for age, BMI, smoking, physical activity, alcohol intake and energy intake.
Leukocyte count according to increasing tertile of lymphocyte count. TG increased according to increasing tertile of leukocyte counts, including white blood cell, lymphocyte and basophil counts. ALT activity increased according to increasing tertile of basophil count. CRP increased according to increasing tertile of leukocyte counts including white blood cell, neutrophil and monocyte counts (Table 4) .
DISCUSSION
The present study focused on the relationships between leukocyte subset counts and CVD risk factors in middle-aged apparently healthy Japanese men. In this study, we found that leukocyte subset counts, including white blood cell, neutrophil and monocyte counts, were positively associated with metabolic parameters, such as CRP, and inversely associated with HDL-C, independently of age, BMI, smoking, alcohol intake and energy intake. Similarly, an earlier study in China demonstrated that white blood cell, neutrophil and monocyte counts are inversely associated with HDL-C in healthy subjects (8) . This study also demonstrated that the neutrophil count, as well as CRP, is associated with other CVD risk factors such as DBP, blood glucose and TG. Many studies have already demonstrated that CRP is a strong risk factor for CVD (21, 22) and that low HDL-C is a major risk factor for the development of CVD. Therefore, considering these earlier results, as well as our findings, it seems that the white blood cell, neutrophil and monocyte counts are closely associated with increased levels of CVD risk factors in healthy subjects, as well as in subjects with chronic and acute heart failure. These leukocyte subset counts may also predict the development of CVD in healthy subjects. The main difference in the associations of neutrophil and monocyte counts with CVD risk factors is that the neutrophil count was positively associated with DBP, whereas the monocyte count was not. In addition, the positive associations with ALT activity and CRP were greater for the monocyte count and for the neutrophil count, respectively. However, the magnitude of these differences was small. Longitudinal studies are needed to further examine these associations, and to evaluate whether CVD and mortality rates are higher in subjects with higher neutrophil and monocyte counts.
Interestingly, we have demonstrated, using ANCOVA, that LDL-C (lymphocyte), TG (lymphocyte and basophil) and ALT activity (basophil) were increased in the higher tertiles of leukocyte counts compared with those in the lower tertiles. These results suggest that lymphocytes are affected by lipid abnormalities, and that basophils are affected by lipid abnormalities and/or liver injury, particularly fatty liver. Therefore, these cell counts may be useful to assess the severity of lipid abnormalities and liver injury in terms of CVD risk. Additional studies are needed to examine the associations among lymphocyte and basophil counts with lipid abnormalities in many populations of healthy subjects and in subjects with more pronounced CVD risk or heart failure, for example.
Despite the findings reported in this study, it is still unclear whether the negative associations between leukocyte subsets (i.e., white blood cells, neutrophils, monocytes and lymphocytes) and HDL-C are direct or indirect. Previous cell-based studies have demonstrated that cytokines such as interleukin-1␣, tumor necrosis factor and transforming growth factor-␤, which are secreted from these leukocyte subsets, downregulate apolipoprotein M, a major protein component of HDL-C (23, 24) . Thus, the increased counts of the leukocyte subsets may directly reduce HDL-C. Longitudinal studies are needed to examine the causal association between leukocyte subset counts and HDL-C.
It should be noted that smoking was positively associated with all of the leukocyte subset counts. It is well accepted that smoking is a major risk factor for CVD (25, 26) . Considering these earlier findings and our own findings, it seems that the development of CVD associated with smoking may involve increased leukocyte subset counts, which should be examined in welldesigned cohort studies.
Previous cohort studies in Japan have demonstrated that subjects with greater intake of vegetables and fruits (27) , fruits (28) , fiber (29) and beans (28, 30) carried lower risk for CVD-related mortality. Thus, increased leukocyte subset counts may be associated with decreased intake of such foods/nutrients, and increased subsequent incidence of CVD and related mortality. Therefore, cross-sectional studies should examine whether food/nutrient intake is associated with leukocyte subset counts, while cohort studies should examine whether higher counts are associated with the development of metabolic diseases including diabetes, hypertension, lipid abnormalities and CVD.
In summary, leukocyte subset counts showed differential associations with CVD risk factors in apparently healthy Japanese men. Leukocyte subset counts determined at health checkups may be useful for assessing CVD risk.
